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Introduction
Breast cancer is the most widely detected malignancy in females all over the world. The availability of reactive oxygen species (ROS) in an environment occurs due to the equilibrium between production, from several sources, and its removal by antioxidant enzymes and molecules. The instability of this balance can result in a pro-oxidant status, which has been defined as oxidative stress (1) . Oxidative alterations have been concluded in carcinoma cells compared with healthy cells and this was regarded as an important factor for the disease. For the progression of breast cancer, risk factors might also contribute to ROS generation. Inherently, pro-oxidative conditions are associated with breast cancer. (2) . By the progression of oxidative stress, cysteine residues and other thiol groups can undergo oxidation reaction by oxidant agents that present in the environment and this might lead to the formation of disulphide bridges and complex disulphide structures. On the other hand, disulphide bridges might be reduced to thiols, thus maintaining thiol/ disulphide equilibrium (3) . The aspect of oxidative damage is associated with balance between oxidant and antioxidant systems. Endogenous antioxidant systems comprise antioxidant enzymes such as glutathione peroxidase, catalase, etc. (4) . Myeloperoxidase (MPO) is an enzyme released during differentiation of myeloid cells. MPO is principally expressed in neutrophil cells. MPO plays an important role in various inflammatory pathways and is defined as an early marker for leucocyte infiltration or activity (5). Ischemia-modified albumin (IMA) was defined as a novel marker of ischemic damage. Serum IMA levels were widely determined for different types of ischemic diseases. It is a modified protein generated during acute ischemic conditions. IMA is a form of altered albumin which is produced during ischemia. Therefore, a variation in the binding capacity of albumin occurs for transition metals like cobalt, nickel, etc. During ischemia and reperfusion, this formation is also associated with oxidative stress (6) . The relationship between breast cancer and oxidative stress, serum IMA levels might be considered as a reliable biomarker for chronic diseases. Prolidase is an exopeptidase that utilizes manganese as a cofactor and hydrolyzes C-terminal peptite bonds of proline or hydroxyproline. Prolidase is involved in the final stage of collagen turnover, thus, it has a pivotal role in collagen metabolism, matrix remodeling, and cell maturation. Serum prolidase activity (SPA) has an important correlation with oxidative stress, therefore it might be accepted as a biomarker for oxidative stress. The levels of prolidase activity have been found to be elevated in various tumour tissues such as kidney and bladder (7). Our aim was to determine the levels of oxidative stress and antioxidant biomarkers such as IMA, MPO, prolidase, ceruloplasmin, catalase, serum native thiol, total thiol, disulphide levels, and disulphide/thiol equilibrium in subjects with breast cancer. 8) were operated on. The serum of these patients were collected before the operation. A written ethical approval form was obtained from all the participants and the study was approved by the local ethics committee. Participants with chronic diseases (5 with hypertension, 1 with coronary heart disease, 6 with diabetes, 1 with chronic kidney diseases, etc.), 16 with thyroid dysfunction and 59 with infections, inflammatory conditions, taking drugs and medications were excluded from this study. Inclusion criterion was to have informed consent.
Materials and Methods

Participants
Collection of biological samples
Ten milliliters of sample were collected in blood tubes (BD Vacutainer, USA) by venipuncture from each participant and analyzed within 3 days. The samples were centrifuged at 3500 rpm for 10 minutes at 4 0 C, then the serum was separated and kept at -80 0 C until analysis.
Biochemical analysis
Thiol-disulphides homeostasis parameters measurement. Thiol/Disulphide equilibrium assays were performed with automated spectrophotometric technique as described by Erel & Neselioglu (8) . Briefly, disulphide bridges were initially reduced to constitute free thiol groups by sodium borohydride. The remaining reductant agent sodium borohydride was depleted and removed by formaldehyde to impede reduction of DTNB (5,5'-dithiobis-(2-nitrobenzoic) acid), then all of the free thiol groups were measured after the reducing reaction. The active disulphide level is half of the difference between the total thiols and native thiols. Firstly native and total thiol amounts were measured, then disulphide levels, disulphide/total thiol percent ratios (SS/ SH+SS), disulphide/native thiol percent ratios (SS/SH) and native thiol/total thiol percent ratios (SH/SH+SS) were calculated by these results. Measurement of Ceruloplasmin. Ceruloplasmin (CLP) amounts were quantified by the method described by Erel O (11) . This is an automated, colorimetric, enzymatic method and is based on the oxidation reaction of ferrous form to ferric ion. The measurement results were expressed in units per liter of serum. The precision of this assay is within 3%.
Prolidase Activity. Serum prolidase activity was analyzed according to the method described by Myara et al. (12, 13, 14) . Briefly, 100 μl of serum physiological solution was added to 100 μl of the serum samples. 25 μl of the reaction mixture was incubated with 75 μl of the preincubation mixture (50 mmol/l Tris HCl buffer pH 7.0 containing 1 mmol/l glutathione, 50 mmol/l MnCl 2 ) at 37°C during 30 minutes. 100 μl of 144 mmol/l gly-pro (pH 7.8) solution was added to the reaction mixture then incubated at 37°C for 5 minutes. To terminate the incubation reaction, 1 ml glacial acetic acid was added. Then adding 300 μl Tris HCl buffer solution (pH is adjusted 7.8) and 1 ml ninhydrin reagent (3 g/dl ninhydrin was dissolved in 0.5 mol/l orthophosphoric acid), the reaction mixture was incubated at 90°C for 20 minutes and cooled with ice. Absorbance was measured at a 515 nm wavelength to calculate proline levels.
Ischemia-modified Albumin Measurement. Albumin was analyzed with an Architect C16000 (Abbott Diagnostic,USA) system, utilizing the bromocresol green. IMA levels were measured with the method described by Bar O et al. (15) . Briefly, 50 μl of 0.1% cobalt chloride was added to 200 μl of the serum samples then the reaction mixture was vortexed for 10 seconds and incubated for 10 minutes to provide the albumin-cobalt binding. Then, 50 μl of Dithiothreitol (DTT) in a concentration of 1.5 mg/mL was added to the reaction mixture for a colorimetric reaction with cobalt, which was not bound to albumin and was incubated for 2 minutes. 1 mL of isotonic saline solution was added to the reaction mixture after incubation, and thus the reaction was stopped. The difference in the spectrofotometric measurements between the specimens and blank samples was expressed as serum IMA levels. These reagents were designed as a commercial kit (Relassay Diagnostic Cat No:RL0001)
Statistical analysis
For statistical analyses, SPSS version 18.0 statistical software was used. The accordance of continuous variables to normal distribution was analyzed with Shapiro -Wilk test. Statistical results of Gaussian distrubition of variables were expressed as mean ± standard deviation. The existence of a statistically important difference between the groups in terms of continuous variables was assessed for parametric and nonparametric variables respectively with Student's t and Mann Whitney U tests. The correlation between the groups was examined with Spearman correlation test. p<0.05 value was accepted statistically significant. Receiver operating characteristic (ROC) curves were designed via Medcalc v18.5.
Results
Demographic and laboratory data are presented in Table 1 . There were positive correlations between catalase and MPO (ρ=0.352, p<0.001), catalase and DTTx100 (ρ=0.527, p<0.001), catalase and prolidase (ρ=0.369, p<0.001), ceruloplasmin and MPO (ρ=0.605, p<0.001), MPO and prolidase (ρ=0.220, p=0.001), MPO and DTTx100 (ρ=0.239, p<0.001), prolidase and DTTx100 (ρ=0.353, p<0.001). According to grade classification, only NT was found to be statistically different between groups (Table 2) NT=native thiol, TT=total thiol, NTT=native thiol/total thiol, DS= disulphide, DNT= disulphide/native thiol, DTT= disulphide/ total thiol, ABSU=Absorbance unit, MPO=myeloperoxidase, IMA=ischemia-modified albumin.
Discussions
The assessment of the redox conditions of patients with breast cancer demonstrates a new way to study the role of redox systems and pro-oxidant/antioxidant factors related to the progression of this disease. There are antiodixant mechanisms that protect the cells againts reactive oxygene species such as catalase. Also, there are contradictory results regarding antioxidant defence biomarkers such as catalase. Although studies demonstrate no statistical change (16) , decreased acitivity of catalase in patients with breast cancer (17) , some studies reported that catalase activity was elevated. Ramírez-Expósito et al. reported that serum superoxide dismutase and catalase activity was elevated in metastases of breast cancer (18) . In this study, elevated catalase activity in patients with breast cancer might be due to the implementation of antioxidant systems as a reflex defense mechanism against oxidative stress. Also, as consistent with the results of this study, Coelho et al. (19) reported that serum MPO levels of patients with breast cancer were higher than in the control group (p = 0.002). This elevation might reflect the oxidative course of the disease. Increased production of reactive oxygen species (ROS) overwhelms the antioxidant defense system and, thus, cells are exposed to oxidative stress. It arises from the lack of antioxidant defense as well as elevated free radical levels. The thiol groups of sulfur containing amino acids (cysteine and methionine, etc.) in proteins are oxidized by oxygen radicals and converted to reversible disulphide bridges. The conformational and functional changes in physiological proteins occur due to the loss of -SH groups. -SH groups attempting to impede the harmful effects of free radicals might decrease the serum and tissue concentrations of these radicals (20 (Table  I) . These results demonstrated higher oxidative status of breast cancer patients. When the healthy tissue was in oxidative stress, levels of hydroxyl radicals increased. Albumin was modified by the hydroxyl radical leading to the formation of IMA. It was pointed out for the first time that the formation of IMA is directly related to this production of active oxidation species and confirmed that hydroxyl radicals play an important role in the formation of IMA (25) . It was concluded that serum IMA amounts were elevated in patients with breast cancer (26) . Also in our study, serum IMA concentrations were found to be statistically higher than in the control group (p=0.031) ( Table I) .
In order to find out the diagnostic efficiency of oxidative status for biomarkers in patients with breast cancer, ROC curve analysis was performed and it was found that serum prolidase activity presented optimal AUC of 0.88 for 1820 U/L cut-off value ( Figure 2 ). Oxidative damage parameters might serve as important guides for diagnosis and treatment of breast cancer. The combination of thiol-disulphide status and other oxidative stress biomarkers such as prolidase, ischemia-modified albumin could be more useful for clinical examination of patients with breast cancer. These oxidative stress parameters might be reliable markers for the course of breast cancer. 
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